The title compound, C 16 H 17 ClO 4 , is a derivative of 3,4-dihydro-2H-pyran-4-one in which the root moiety forms a dihedral angle of 49.36 (5) with the pendent chlorobenzene ring. The crystal structure features weak methyl-C-HÁ Á ÁO(ring carbonyl) contacts, leading to an R 2 2 (12) ring motif, and benzene-C-HÁ Á ÁO(ester) interactions, leading to a supramolecular chain along the b axis, to form a three-dimensional network.
Structure description
4H-Pyran-4-ones and their various derivatives are known for their significant biological and pharmacological activities, and are structurally similar to biologically active 1,4-dihydropyridines (1,4-DHPs) (Zonouz et al., 2014) . They act as calcium antagonists (Sú arez et al., 2002) and serve as potent apoptosis inducers (Zhang et al., 2005) . As a continuation of structural investigations of a series of 4H-pyran-4-one derivatives, we report herein on the crystal structure determination and the geometry optimization of the title compound, (I).
A perspective view of (I) with the atomic numbering scheme is illustrated in Fig. 1 . The 3,4-dihydro-2H-pyran-4-one moiety (C7-C11/O1/O2) forms a dihedral angle of 49.36 (5) with the benzene ring. The bond distances and angles are essentially equivalent compared to those in the previously reported structure ethyl 2,2-dimethyl-4-oxo-6-phenyl-3,4-dihydro-2H-pyran-5-carboxylate (II) (Sharmila et al., 2016) . However, the benzene group has rotated about the C6-C7 bond as evident from the change in torsion angles namely, C1-C6-C7-C11 and C5-C6-C7-C11 of À133.37 (15) and 50.56 (19) , respectively, cf. 138.6 (2) and À43.3 (3) in (II). Also, a fragment overlay data reports (Gans & Shalloway, 2001 ) analysis of (I) with (II) gives an r.m.s. deviation of 2.91 Å (Fig. 2 ). These observations indicate that the structural changes could be attributed to the substitution of the heavier Cl atom at C3 and the involvement of C2 in making a hydrogen bond with O4 via H2 (Table 1) . Another superposition analysis of (I) but, with 4-(4-fluorophenyl)-6-methylamino-5-nitro-2-phenyl-4H-pyran-3-carbonitrile (III) (Vishnupriya et al., 2013) gives an r.m.s. deviation of 1.57 Å , which confirms the effect of relatively heavier Cl substitution at C3 resulting in the small conformational changes in the molecule. The pyran ring of (I) is puckered (puckering parameters: Q = 0.4539 (16) Å , q2 = 0.378 (15) Å , q3 = À0.2512 (15) Å , = 123.61 (19) and ' = 91.6 (2) , with atom C8 showing the maximum deviation of 0.2946 (16) Å from the plane defined by O1/C7/C11-C8.
Theoretical calculations of the molecular structure were performed using MOPAC2016 0 s PM7 geometry optimization algorithm (Stewart, 2016) . This shows satisfactory agreement with the results of the X-ray crystal structure analysis. The HOMO and LUMO energy levels were found to be À9.829 and À1.127 eV, respectively. The total energy and dipole moment values of (I) are À3643.34886 eV and 5.235 Debye, respectively. In the geometry optimized structure of (I), a decrease in bond distances seems to be observed for the bonds O1-C8 (1.46 Å ) and C6-C7 (1.47 Å ) when compared to those in the crystal, i.e. 1.4732 (16) and 1.4832 (16) Å . The O1-C7-C6 bond angle decreased from 110.78 (11) to 110.2 , and the O1-C8-C9 bond angle increased from 108.65 (11) to 110.5
. The relative conformation about the bond joining the 3,4-dihydro-2H-pyran-4-one moiety with the chlorobenzene group of (I) is defined by the torsion angles C1-C6-C7-O1 and C5-C6-C7-O1 of 47.68 (17) and À128. 38 (13) in the crystal, i.e. show (+) syn-clinal and (À) anti-clinal conformations, respectively, and compare with 49.9 and À130.8 in the optimized structure. A superimposed fit of (I) with its energy-minimized molecule gives an r.m.s. deviation of 0.152 Å (Fig. 3) .
Figure 2
A superimposed fit of (I) (green) and related structure (II) (black). Table 1 Hydrogen-bond geometry (Å , ).
Cg is the centroid of the C1-C6 ring. 
Figure 3
A superimposed fit of (I) (red) and its energy-minimized counterpart (blue).
Figure 1
The molecular structure of (I), with displacement ellipsoids for the non-H atoms drawn at the 30% probability level.
One of the methyl carbons, C15, is involved in hydrogen bond with O2 of a symmetry-related molecule via H15B to form a R 2 2 (12) ring motif. The phenyl carbon C2 is involved in an interaction with O4 of a symmetry-related molecule via H2 to form a chain along the b axis (Table 1 and Fig. 4 ). These combine to give a three-dimensional architecture. Further, a weak C-HÁ Á Á interaction between C13 and the centroid (Cg) of the C1-C6 ring via H13B, provides additional stabilization to the crystal (Table 1) .
Synthesis and crystallization
To a solution of ethyl 3-(4-chlorophenyl)-3-oxopropanoate (226 mg, 1.0 mmol), CaCl 2 (11 mg, 0.1 mmol), triethylamine (278 mL, 2.0 mmol) and 3-methylbut-2-enoyl chloride (112 mL, 1.0 mmol), dichloromethane (4 ml) was added at ambient temperature. After completion of the addition, the reaction mixture was subjected to stirring at room temperature for 3 h. The progress of the reaction was monitored by thin-layer chromatography. The organic layer was separated, filtered and concentrated. The crude product was purified by silica gel column chromatography (EtOAc/hexane = 2:8 v/v as eluent). The product was a colourless solid (yield 90%, 277 mg) and was crystallized in hexane/EtOAc (6:4 v/v (m.p.
354-356 K).

Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
